Introduction {#S1}
============

Two and a half billion people around the world regularly use social networking sites (SNSs), such as Facebook, Instagram, and Twitter, and this number increases every day as more people gain access to the Internet ([@B23]). SNS users are not just creating profiles, they are spending substantial, recurring periods of time on these platforms observing and interacting with others. For example, in 2016, Facebook reported that the average user spends 50 min a day on its sites ([@B25]). This ubiquitous and time-consuming use results from the reinforcing effects of social rewards, as SNSs provide frequent and copious social rewards to their users ([@B20]).

In some individuals, this behavioral reinforcement on SNSs may lead to maladaptive, excessive SNS use ([@B15]). Excessive SNS users display a preoccupation with SNS platforms when they are not using them, mood modification when they access these sites, and tolerance to the social rewards obtained on these sites. These excessive SNS users also experience conflict with others because of their use, and when attempting to quit, they display withdrawal symptoms and often relapse. Case studies also report excessive SNS users seeking clinical evaluation and treatment ([@B15]; [@B18]). The severity of this excessive SNS use and its potential to be termed as an "addiction" are hotly debated ([@B10]), and importantly, excessive SNS use is not currently included in the fifth edition of *Diagnostic and Statistical Manual of Mental Disorders* (DSM-5; [@B1]). Nevertheless, there exists a clear parallel between the symptoms of substance use and behavioral addictive disorders, as defined by the DSM-5, and the symptoms of excessive SNS use.

Indeed, the parallel between excessive SNS use and substance use disorder does not stop at behavior; recent neuroimaging work has also demonstrated similarities. For example, the brain's reward system -- which is composed of regions such as the striatum and amygdala -- responds to drug consumption (relevant to substance use disorder), monetary rewards (relevant to gambling disorder), and social rewards (relevant to excessive SNS use; [@B19]; [@B26]). Furthermore, morphological differences in these brain structures overlap; for example, the striatum and amygdalae are smaller in both excessive SNS users and substance abusers ([@B16]; [@B26]).

These brain regions compute value during decision making ([@B4]), and as one would expect, individuals with substance use and behavioral addictive disorders have difficulty making value-based decisions ([@B7]). Researchers have designed laboratory paradigms, such as the Iowa Gambling Task (IGT), to reveal this impaired decision making ([@B5]). Individuals dependent on various substances, such as opioids, cocaine, methamphetamines, marijuana, alcohol, and nicotine, demonstrate deficient performance in the IGT, as well as individuals with gambling disorder (for review, see [@B9]). Importantly, however, with regard to excessive SNS users, it is currently unknown if these individuals display the same difficulty making decisions as individuals with substance use and behavioral addictive disorders. With the above similarities in mind, we hypothesized that individuals who display excessive SNS use will also display impaired value-based decision making. To address our hypothesis, we examined individual differences with respect to excessive Facebook use as assessed by the Bergen Facebook Addiction Scale (BFAS; [@B2]) and performance in the IGT. We focused on the Facebook platform, because it is currently the most widely used SNS around the world, with 1.47 billion daily active users as of June 2018 ([@B13]). In addition, we assessed levels of depression in our sample to control for it in our analysis -- depressive symptoms have been shown to correlate with degree of SNS use (for review, see [@B3]), and depression has also been associated with impaired performance in the IGT ([@B21]).

Methods {#S2}
=======

Participants {#S2a}
------------

Seventy-one participants (44 females) between 18 and 35 years of age \[(mean = 23.7, standard deviation (*SD*) = 3.8 years\] took part in this study, which was conducted at a large German university. Individuals were recruited through posted flyers. To note, all participants were proficient in the English language, and English was used for the recruitment flyers, e-mail correspondence, face-to-face interactions, and the below-described experimental measures. All participants self-reported having no history of psychiatric disorders, including substance use disorder or other behavioral disorders (e.g., gambling disorder). After completion of the experiment, all individuals were provided 10€ for their participation.

Measures {#S2b}
--------

We collected measures of excessive SNS use, value-based decision making, and depression:

### Excessive Facebook use {#S2b1}

We used the BFAS ([@B2]) to assess excessive Facebook use. The BFAS consists of six items rated on a 5-point Likert scale (1 = *very rarely*; 5 = *very often*). Therefore, when participants' responses are summed, final scores can range from 6 to 30 points. Each BFAS item assesses a commonly accepted core aspect of addiction: salience (preoccupation), mood modification, tolerance, conflict, withdrawal, and relapse ([@B15]). Reliability and validity of the BFAS have been established ([@B2]), and the internal consistency with our sample was good (Cronbach's α = .87). BFAS scores were normally distributed and no participant's score was more than three *SD*s from the mean.

### Decision making {#S2b2}

All participants performed 100 trials of a computerized version of the IGT ([@B11]) to assess value-based decision making ([@B5]). In this task, participants see four decks of cards displayed on the screen in front of them (A, B, C, and D). On each trial, participants choose a card and receive a specified amount of play money reward for this choice. Interspersed among these rewards are punishments, consisting of play money losses of different amounts. Importantly, two of the decks (A and B) produce high immediate gains (\$100) for each choice, but they also provide sizeable punishments -- in the long run, these decks take more money than they give. We term these decks, disadvantageous. Two other decks (C and D) produce low immediate gains (\$50) for each choice, and they also provide smaller punishments compared to the other decks -- in the long run, these decks give more money than they take. We term these decks, advantageous.

Before performing the task, participants are told that the goal is to make as much money as possible and to avoid losing as much money as possible. They are also told that they can pick cards from any deck, and switch whenever they want. Participants are also informed that some decks are better than others and that if they want to do well, they should avoid the bad decks and choose cards from the good decks.

To note, different versions of the IGT have been used in the literature, with some researchers providing the above hint to stay away from the bad decks and other researchers not providing the hint. Furthermore, some researchers have used play money, whereas others have used real money. We chose to provide the hint and to use play money, as previous research has demonstrated more advantageous card choices in healthy individuals with these conditions ([@B14]). As we hypothesized impaired decision making in the IGT by excessive SNS users, this experimental set up would yield the highest likelihood of finding our hypothesized effect.

For analysis, we divided the 100-trial experiment into five blocks of 20 trials each and calculated scores for the task (IGT score) in each block by subtracting the total number of cards chosen from the disadvantageous decks (A and B), from the total number of cards chosen from the advantageous decks (C and D). Higher IGT Scores indicate that the participant performed better on the task. Total IGT scores (mean = 15.1, *SD* = 19.0) were normally distributed and no participant's score was more than three *SD*s from the mean.

### Depression {#S2b3}

We also assessed participants' level of depression with the Beck Depression Inventory II (BDI; [@B8]). The BDI is one of the most commonly used instruments to assess depression and consists of 21 items rated on a 4-point Likert scale. We administered the BDI because several previous studies reported a positive correlation between depressive symptoms and online social networking, although several other studies have either failed to replicate this finding, or revealed a negative correlation (for review, see [@B3]). Nevertheless, we assessed depressive symptoms in our sample with the BDI to control for it in our analyses. The reliability of the BDI with our sample was good (Cronbach's α = .86); however, BDI data were not normally distributed. They were positively skewed (skewness = 1.64, *SE* = 0.29) and displayed kurtosis (kurtosis = 4.73, *SE* = 0.56), with two participants more than three *SD*s away from the mean (mean = 12.4, median = 12.0, *SD* = 8.8). To address this, we winsorized the two highest and lowest values to equal the third highest and lowest value, respectively (94% winsorization). This resulted in normally distributed data with no outliers (mean = 11.89, median = 12.00, *SD* = 7.11, skewness = 0.43, *SE* = 0.29, kurtosis = −0.47, *SE* = 0.56). This winsorized data set was used for all reported BDI analyses.

Procedure {#S2c}
---------

After responding to our recruitment flyer, participants were sent an electronic survey to assess their age, gender, and BFAS score. Participants were then invited into our behavioral testing lab. In a closed room with no distractions, participants were provided instructions for the IGT and then performed the task on a computer. After completion of the task, participants filled out the BDI, and were then paid and debriefed.

Statistical analyses {#S2d}
--------------------

All analyses were performed using SPSS software (IBM Inc., version 25, Armonk, NY, USA). First, as a manipulation check, we conducted a repeated-measures analysis of variance (ANOVA) with block IGT scores to determine if participants learned to choose the advantageous decks during the 100-trial experiment. Next, we addressed our hypothesized negative correlation between excessive use of Facebook, as measured by BFAS score and performance on the IGT. To do this, we conducted one-tailed, first-order partial correlations between BFAS scores and IGT scores for all 20-trial blocks, while controlling for depression (BDI). We also conducted two-tailed, zero-order correlation analyses between all collected survey measures: BFAS, BDI, age, and gender. All correlations were conducted with continuous variables, except correlations with gender (which is a dichotomous variable), so these correlations were point biserial. All reported significant results survived Bonferroni correction for multiple comparisons.

Ethics {#S2e}
------

Study procedures were carried out in accordance with the Declaration of Helsinki and approved by the ethics review committee of a large European university. All participants were informed about the study and all provided informed consent for participation.

Results {#S3}
=======

Participants displayed a wide range of BFAS scores (mean = 15.1, *SD* = 5.8, range = 6--27). BFAS scores did not correlate with age (*r* = −.13, *p* = .14, 95% CI = −0.17/0.29) or gender (*r* = −.02, *p* = .43, 95% CI = −0.28/0.22), and age and gender were not correlated with each other (*r* = −.06, *p* \> .05, 95% CI = −0.33/0.19). BFAS scores did correlate with BDI scores (*r* = .43, *p* \< .001, 95% CI = 0.21/0.63), which is congruent with some previous research, as mentioned in the "Methods" section. Furthermore, age (*r* = −.13, *p* \> .05, 95% CI = −0.32/0.07) and gender (*r* = .06, *p* \> .05, 95% CI = 0.10/0.25) were not correlated with BDI.

Group performance across the 100-trial IGT, organized into 20-trial blocks, is depicted in Figure [1](#fig1){ref-type="fig"} (block 1: mean = −3.7, *SD* = 3.4; block 2: mean = 1.5, *SD* = 5.9; block 3: mean = 4.5, *SD* = 7.4; block 4: mean = 6.1, *SD* = 7.6; block 5: mean = 6.7, *SD* = 7.8). Repeated-measures ANOVA with block IGT scores revealed that as the experiment progressed, participants choose more advantageous decks than disadvantageous decks \[*F*~(4,\ 280)~ = 31.9, *p* \< .01, partial η^2^ = 0.31\]. Post-hoc paired *t*-tests revealed that mean IGT scores for blocks 1 and 2 were significantly different from all other blocks (for all comparisons: *t*'s \> 3.0, *p*'s \< .01), however, mean IGT scores for blocks 3--5 were not statistically different from each other (*p*'s \> .05). Our significant repeated measures finding with a large effect size demonstrates that, as a group, participants were performing the task as instructed and able to learn from the rewards and punishments they received as a result of their deck choices.

![IGT scores \[(Decks C + D) -- (Decks A + B)\] for each block of 20 trials across the 100-trial experiment. As the experiment progressed, participants choose more advantageous decks than disadvantageous decks. Error bars = ±1 SEM](jba-08-01-138_f001){#fig1}

We analyzed the relationship between excessive social media use and IGT performance. This revealed a significant negative, first-order partial correlation between BFAS and IGT score for block 5 (trials 81--100), when controlling for BDI (*r* = −.31, *p* \< .01, 95% CI = −0.52/−0.07, one-tailed; Figure [2](#fig2){ref-type="fig"}). A post-hoc power analysis revealed power of 0.85, demonstrating that this study was well-powered to detect the reported medium effect size. The partial correlation between BFAS and IGT score was not significant in any other block: block 1 (trials 1--20; *r* = −.01, *p* \> .05, 95% CI = −0.24/0.25), block 2 (trials 21--40; *r* = .23, *p* \> .05, 95% CI = −0.04/0.48), block 3 (trials 41--60; *r* = .01, *p* \> .05, 95% CI = −0.26/0.24), or block 4 (trials 61--80; *r* = .03, *p* \> .05, 95% CI = −0.22/0.31).

![IGT score for block 5 of the task negatively correlates with BFAS score across participants](jba-08-01-138_f002){#fig2}

To note, there were no significant correlations between BDI and IGT scores across blocks (block 1: *r* = .21, *p* \> .05, 95% CI = −0.13/0.40; block 2: *r* = .09, *p* \> .05, 95% CI = −0.12/0.30; block 3: *r* = −.01, *p* \> .05, 95% CI = −0.17/0.19; block 4: *r* = .07, *p* \> .05, 95% CI = −0.13/0.25; block 5: *r* = −.15, *p* \> .05, 95% CI = −0.33/0.05).

Discussion {#S4}
==========

We observed that more severe, excessive SNS use is associated with worse performance in the last 20 trials of the IGT. Previous research with the IGT has led to investigators categorizing the first 40 trials of the task (blocks 1--2) as decision making under ambiguity, and the last 60 trials (blocks 3--5) as decision making under risk ([@B6]; [@B17]). Therefore, our results in block 5 imply that excessive SNS users may have difficulty specifically with decision making under risk. To note, however, these previous studies analyzed the first 40 trials as one block and the next 60 trials as another block, and we did not find significant results when we analyzed our data in this way -- we found a significant relationship only in the last block of 20 trials (trials 81--100). Future research with different measures can more directly address this implication about excessive SNS use and risky decision making, teasing apart aspects of decision making under both risk and ambiguity.

Our results are consistent with a previous finding demonstrating that BFAS score correlates with another aspect of cognitive impulsivity, delay discounting ([@B12]). Research has demonstrated that the delay discounting task and the IGT assess different aspects of impulsive choice ([@B24]). Therefore, our results expand on this previous finding, tapping into another facet of decision making, as the IGT taxes decisions based on rewards and punishments -- our findings imply that excessive SNS users are weighting the potential positive outcomes of their decisions more than the potential negative outcomes.

This study has limitations that are worth mentioning. First, we only assessed excessive Facebook use and not excessive use across all SNSs. For example, it could be that some participants scored low on excessive Facebook use with the BFAS, but they excessively use another SNS and also display aberrant decision making. Second, the BFAS is a self-report measure, and we did not track participants' actual SNS use to confirm their survey responses. Next, although myriad research has been performed with the IGT and performance has been causally linked to frontal lobe brain structures, the task is not without its critics ([@B9]). Some feel it can be interpreted in several ways (i.e., assessing impulsivity, not risky decision making) and recent reports have questioned its reliability and validity ([@B22]). Nevertheless, we demonstrate differences in IGT performance across individuals with respect to excessive Facebook use. Finally, we did not use a clinical sample to compare with healthy controls, rather we looked for a correlation across individuals who displayed a wide range of BFAS scores. Future research can address this limitation by assessing IGT performance of individuals receiving clinical treatment for excessive SNS use.

Our results have important societal implications. SNS use is ubiquitous and continues to grow, likely resulting in more individuals displaying excessive, problematic SNS use. Meanwhile, companies continue to develop features on SNS platforms to make them even more compelling. Taking this into consideration, our current finding, which demonstrates a behavioral similarity between excessive SNS use and substance use and behavioral addictive disorders, can influence the beliefs and practices of policy makers, therapists, and tech industry leaders. Our research provides a reference point for these individuals to discuss and address excessive SNS use in their respective professions.
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